ABSTRACT: During marketing, cattle may be exposed to periods of water deprivation. The impact of water and feed access and health status on the physiological well-being and carcass characteristics of Holstein slaughter cows during preslaughter marketing was studied through analysis of serum components, BW loss percentage, and fresh meat composition. Ninetyone multiparous Holstein cows (609 ± 89 kg mean BW, 2.9 ± 0.5 mean BCS, varying stage of lactation) were purchased over 3 wk in 3 groups (n = 31, 29, and 31) at a terminal market in central Wisconsin. Each cow was screened to determine health status (sick or not sick) and randomly assigned to 1 of 3 water and feed withdrawal treatment pens (AL, ad libitum access to water for 36 h; 18H, 18 h of ad libitum access to water followed by 18 h of water withdrawal; 36H, 36 h of water withdrawal; all 3 treatments included 36 h of feed withdrawal) in a randomized complete block arrangement with repeated measures for serum components. Blood samples were collected by tail venipuncture at 0, 9, 18, 27, and 36 h of each treatment. Ambient temperatures were 1.9 ± 6.2°C during the trial period, which occurred over a 3-wk period in March and April 2007 near Arlington, WI. No difference (P > 0.05) was observed in mean serum cortisol in AL (18.41 ± 2.17 ng/mL) or 36H (22.98 ± 2.17 ng/mL). Mean serum glucose was greater (P < 0.05) in 36H pens (78.15 ± 0.77 mg/dL) than AL (75.91 ± 0.77 mg/dL). Mean serum creatinine was greater (P < 0.05) in 36H pens (0.71 ± 0.03 mg/ dL) than AL (0.60 ± 0.03 mg/dL). The 36H pens also displayed increased (P < 0.05) serum albumin, anion gap, Ca, Cl, Na, cholesterol, and aspartate aminotransferase over AL. Greater (P < 0.05) mean percentage BW loss was observed in 36H pens (5.2 ± 0.6%) than AL (3.1 ± 0.6%). Mean muscle protein (%) was greater (P < 0.05) in 36H (22.2 ± 0.4%) than 18H (21.3 ± 0.4%). Mean muscle moisture (%) was greater (P < 0.05) in AL and 18H (75.3 ± 0.4% and 75.2 ± 0.4%) than 36H. Mean 24-h pH values were 5.92 (AL), 5.92 (18H), and 5.81 (36H; SE = 0.04) and were not different (P < 0.05). Observed pH and color values indicated a borderline dark-cutter state across all cattle in the study, regardless of water and feed access treatment. Based on these results, water and feed withdrawal in lairage should not exceed 18 h during the marketing of Holstein slaughter cows acclimated to springtime conditions to maintain BW, serum component concentrations, and fresh meat composition.
INTRODUCTION
Limited data exist regarding the effect of water and feed withdrawal during marketing on the well-being and carcass quality of dairy slaughter cows. Dairy cows account for a substantial portion of the annual cow slaughter; 44% of cows slaughtered in USDA-inspected establishments in 2006 and 2007 were of dairy origin (White and Moore, 2009 ). Seventy-six percent of dairy cows that were permanently removed from dairy herds in 2006 were sold through terminal markets, and 17.5% were sold directly to slaughter facilities (NAHMS, 2007) .
Wisconsin state regulation ATCP 12.02 (8c) requires that terminal livestock markets "provide adequate food, water, shelter, bedding, and pen space for all animals held more than 12 hours." However, the authors and procurement personnel for Wisconsin slaughter facilities had observed that the regulation was not regularly enforced and cows occasionally experienced periods of water and feed withdrawal exceeding 36 h. Water and feed withdrawal has a significant role in the maintenance of BW during the marketing and transport processes before slaughter (Cole and Hutcheson, 1981; Schaefer et al., 1997) . Also, the health status of culled dairy cows is heterogeneous. Hadley et al. (2006) found that 79.5% of dairy cows in the upper Midwest and Northeast regions of the United States were culled for health reasons including udder and mastitis problems, lameness and injury, disease, and reproductive problems. Due to the commonality of health issues in the cull dairy cow population, it was necessary to investigate the impact of prolonged feed and water withdrawal on animal wellbeing.
The hypothesis of this study was that Holstein slaughter cows that were deprived of water and feed or were sick would have increased stress response, dehydration and BW loss, depressed dressing percentage, and decreased meat quality. The objective was to determine the effects of water and feed withdrawal and health status on blood and serum component concentrations, BW loss percentage, dressing percentage, muscle proximate analysis, and fresh meat color to estimate the maximum allowable water and feed withdrawal period for Holstein slaughter cows during transition from herd of origin to slaughter.
MATERIALS AND METHODS
The College of Agricultural and Life Sciences Animal Care and Use Committee of the University of Wisconsin (Madison) approved all procedures involving live animals in this study.
Cattle Description
Ninety-one multiparous Holstein cows (mean BW = 609 ± 89 kg; mean BCS = 2.9 ± 0.5, varying stages of lactation) were purchased in 3 groups over 3 wk (n = 31, 29, and 31) at a terminal market in central Wisconsin. All cattle were purchased on the same day each week by a commercial slaughter cow buyer employed by Cargill Regional Beef (Milwaukee, WI). All cattle in the study were received at the terminal market on the day of purchase. Any cattle held overnight at the facility were excluded from the selection process to reduce variability in hydration status, gut fill, and stress response. Most cows in the study originated from farms within 220 km of the terminal market. All cattle were of Wisconsin origin. State of origin was verified by the state code on federal livestock back tags affixed to the purchased cattle. After purchase, cattle were loaded into a double-deck commercial cattle trailer and transported 48 km to the University of Wisconsin Beef Physiology Unit (Arlington) for receiving, processing, and commencement of the experiment.
Receiving and Processing
Cattle arrival was between 1500 and 1700 h on each day of receipt (d 1). Immediately upon arrival, all cattle were unloaded and walked to an outdoor holding pen for processing. The cattle were individually restrained in a commercial squeeze chute with a self-locking head catch. Squeeze was not applied to any animals in this study. While the cattle were restrained, a blood sample (4 mL) for complete blood count (CBC) was collected via tail vein puncture into a vacuumized blood collection tube containing 7.2 mg of spray-dried K 2 EDTA. Needles in this study were discarded after a single use. Body condition score was assessed using the system described by Edmonson et al. (1989) , BW was recorded, and rectal temperature was measured. Mean ambient temperature for this study, based on climatological data recorded at the nearby University of WisconsinArlington Research Station Headquarters, was 1.9 ± 6.2° C. The duration of this study was March 8 to April 11, 2007. After exiting the chute, cows were mixed and provided ad libitum access to dry grass hay and water in a metal pole barn. The barn was configured with a central alley (4.3 m wide × 58 m long) that was parallel to its length that could be divided into four 4.3-m × 14.5-m pens with feed alleys on each side. Three adjacent pens were used in this study. The central alley was bedded with approximately 7 cm of dry sawdust before receiving. Cattle were given head-only access to dry hay in 1 feed alley through manual-locking stanchions. This method trained them to put their heads into the stanchions, which were subsequently locked when cows were restrained for blood sampling. Water was provided in 3 stock tanks equipped with submerged tank heaters to prevent ice formation. The mean stocking density was 18.8 m 2 /cow.
Blood Analysis and Health Status Determination
The CBC analysis was performed by a commercial laboratory (Marshfield Clinic Laboratory, Veterinary Division, Marshfield, WI) within 18 h of sample collection. Whole blood samples were stored at 2 to 4° C, and blood smears prepared from whole blood were stored at room temperature until analysis. Packed cell volume (PCV), segmented neutrophil count, band neutrophil count, and lymphocyte count were determined with a hematology analyzer (Advia 2120 Hematology Analyzer, Siemens Medical Solutions Diagnostics, Tarrytown, NY). Blood smears were used to confirm hematology analyzer results.
After receipt of results, cattle were divided into 2 categories (sick or not sick) based on health status determined from CBC. The following criteria were developed to designate sick cows: segmented neutrophil count >12,000/µL; band neutrophil count >200/ µL; lymphocyte count <1,000/µL; rectal temperature >39.7°C; and PCV <20% as an indicator of anemia. Any cow that met one or more of these criteria was considered sick. Criteria were based on reference ranges developed by Marshfield Laboratories for bovine blood samples and our clinical experience. Twenty-three percent of the cows (n = 21) were classified as sick by these criteria. Rectal temperatures were monitored at each blood collection to identify animals that may have required expedited shipment for slaughter. The threshold for antemortem condemnation of cattle by USDA Food Safety and Inspection Service is 39.7°C. None of the cows exhibited rectal temperatures greater than 39.7°C over the course of the study.
Treatment Assignment and Sorting
At 1600 h on the day after receipt (d 2), access to dry hay was withdrawn for the remainder of the experiment. All cattle were encouraged to enter the open stanchions for restraint by use of cracked high-moisture corn (1 kg/6 m of alley length) in the feed alley. Stanchion sections were closed when approximately 10 of the 15 stanchions in each pen were occupied. Animals that were not caught on the initial stanchion closure were moved to open stanchions in the pen, which were manually locked upon occupancy. Blood (10 mL) from each cow was collected via tail vein puncture into a vacuumized blood sample tube with no additive. This was the 0-h blood sample. Care was taken to prevent agitation of the restrained cows to avoid subsequent stress responses.
After blood sampling, cattle were weighed and randomly assigned to 1 of 3 water and feed access treatments: AL (ad libitum access to water for the entire experimental period), 18H (18 h of ad libitum access to water followed by 18 h of water withdrawal), or 36H (36 h of water withdrawal). All cows in all treatments were deprived of feed during the 36-h experimental period. Animals previously identified as sick according to CBC analysis were equally distributed to each of the 3 treatment groups. Each of the 3 pens of cattle received 1 of the 3 water and feed access treatments each week such that 3 replications of each treatment occurred over the 3-wk experimental period. A 2-part study was performed in which 57 of the cows were observed in 6 pens during water and feed withdrawal (Exp. 1), and the entire sample population of 91, dispersed between 9 pens, was included in the meat quality assessment (Exp. 2). The 18H treatment was excluded from Exp. 1 because the start time of the water withdrawal was not consistent with the application of treatments AL and 36H.
Exp. 1: Live Animal Assessment
Cows assigned to AL and 36H treatments were evaluated in the live animal assessment portion of the study. This design allowed for consistent treatment end times so cows in all 3 treatments (AL, 18H, and 36H) within a week could be simultaneously shipped on the same truck to slaughter. Additional blood samples were collected at 9, 18, 27, and 36 h from the beginning of the experimental period via tail vein puncture into 10-mL vacuumized blood sample tubes with no additive. All cows were restrained in stanchions using the procedure described previously. The 18H cows were also restrained during each sampling time to maintain consistency in handling procedures before Exp. 2. Care was taken to prevent agitation of the restrained cows. Cows in each pen were restrained for approximately 15 min during each sampling period. All cattle were weighed at 0, 18, and 36 h of the experimental period.
Immediately after blood sample collection, 2 heparinized microhematocrit tubes were filled with the collected blood before clotting occurred. Packed cell volume percentage was determined by measuring the length of the packed red cell volume in the microhematocrit tube as a percentage of total blood sample length after centrifugation for 5 min at 13,460 × g at 21°C. Packed cell volume was determined in duplicate and averaged at each blood sampling time.
After collection, whole blood samples were allowed to clot at room temperature, and then serum was separated within 1 h by centrifugation at 1,500 × g for 10 min at 21°C. Serum was equally divided among three 10-mm × 75-mm polypropylene test tubes with caps. Samples were held at 2 to 4° C for up to 18 h before analysis. One tube for each cow was sent to a commercial laboratory (Marshfield Clinic Laboratories, Veterinary Division, Marshfield, WI) for analysis after each sampling time. The remaining 2 tubes per cow per sampling time were labeled and kept at 2 to 4° C for up to 3 d before freezing at −70°C until cortisol assays were performed.
Analyses by Marshfield Clinic Laboratories were conducted using a blood chemistry analyzer (Roche Modular Analytics, D and P modules, Roche Diagnostics, Indianapolis, IN) and included determination of concentrations of serum glucose, total bilirubin, cholesterol, total protein, albumin, serum urea N (SUN), creatinine, P, calcium, Na, K, Cl, and bicarbonate; and activity (U/L; quantity of enzyme needed to react with 1 µmol of substrate per min) of aspartate aminotransferase (AST), sorbitol dehydrogenase (SDH), creatine kinase (CK), and γ-glutamyl transferase (GGT). Anion gap was calculated with the following formula: ( Cortisol assays were performed on thawed samples, after storage at −70°C for 3 mo, using a RIA kit (Coat-A-Count TKCO2, Siemens Medical Solutions Diagnostics, Los Angeles, CA; interassay variation = 9.5%, intraassay variation = 4.3%).
Exp. 2: Carcass and Meat Quality Assessment
At the end of the 36-h experimental period, all cattle were weighed and the 3 treatment groups were mixed to eliminate position effects on the trailer. The cattle were loaded onto the same livestock trailer used to transport them to the Beef Physiology unit and transported 137 km to Cargill Regional Beef, Milwaukee, WI, for slaughter. The number of cattle on each trailer load equaled the number of cattle transported to the Beef Physiology unit each week (n = 31, 29, and 31 cattle, respectively). Time elapsed from loading to slaughter was 3 h. The cattle did not have access to water or feed during the process of loading, transport, and movement to slaughter. All cows in each weekly trailer load were slaughtered in a span of less than 10 min.
In-Plant Carcass Data Collection
Hot carcass weight and postmortem pH were measured after slaughter. Hot carcass weight was recorded from slaughter facility records. Each carcass half remained intact with no separation into fore-and hindquarters. All carcasses were held for 24 h at 2 to 4°C with periodic spray-chilling of the carcasses. Postmortem meat pH was measured at 24 h with a digital pH meter with a stainless-steel probe (model IQ 200 with #164 probe, IQ Scientific Instruments, San Diego, CA). The probe was inserted into the thoracic section of the LM perpendicular to the vertical process of the 12th thoracic vertebra to a depth of 5 cm. Immediately after the 24 h pH was recorded, a boneless section of the LM was excised between the 11th and 13th ribs on the right side of each carcass and placed in a labeled barrier bag. All samples were excised over a 30-min period and were immediately vacuum sealed after the conclusion of the excisions. After vacuum sealing, all samples were packed in ice and transported to the laboratory for storage at 2 to 4°C.
Instrumental Color Measurement
Twenty-four hours after the excision of the LM samples at the plant, a steak (2.54 cm thick) was cut from the cranial portion of each vacuum-packaged muscle section. An additional sample was prepared for drip loss determination and the remaining sample portion was frozen at −20°C for proximate analysis. The cut surface of each steak was exposed to air for 90 min before color measurements began. Color was determined using a colorimeter (model CR300, 8-mm aperture, illuminant C, 0° observer; Minolta Camera Co., Ltd., Osaka, Japan) and a scanning reflectance spectrophotometer (model UV-2401 PC, Shimadzu Corp., Kyoto, Japan). Color instruments were standardized against a white (No. 20933026 CIE L* 97.91, a* −0.70, b* +2.44) calibration plate. The colorimeter was used to determine CIE color space (L* a* b*) values on the bloomed cut surface of the raw steak. Each colorimeter measurement was repeated 5 times per bloomed cut surface, and the 5 values were averaged for statistical analysis. Using the spectrophotometer, the chemical states of myoglobin were estimated by the following reflectance wavelength combinations: deoxymyoglobin (DMb, % reflectance 474 nm/% reflectance 525 nm), metmyoglobin (MMb, % reflectance 572 nm/% reflectance 525 nm), and oxymyoglobin (OMb, % reflectance 610 nm/% reflectance 525 nm) as recommended by AMSA (1991). Each spectrophotometer measurement was performed twice per bloomed cut surface and averaged for statistical analysis.
Drip Loss Determination
Drip loss was determined using methods similar to those outlined by Honikel and Hamm (1995) . During steak preparation for color analysis, a 5-cm × 5-cm × 2.5-cm cube was cut from the center of the excised muscle portion adjacent to the fresh cut surface. Each cube was weighed and suspended in an airtight container by a fishing hook and fishing line attached to the lid of the container such that no surface within the container made contact with the suspended sample. All containers were placed in a walk-in cooler and maintained at 2 to 4°C until reweighing 48 h later.
Proximate Analysis
All frozen muscle samples were thawed at 2 to 4°C for 3 d and then ground 5 times with a tabletop grinder equipped with a 0.32-cm bore plate before proximate analysis. Moisture was determined in duplicate by drying 10-g samples in large ashing crucibles in a convection oven at 105°C for 3 h (AOAC, 1998b). The dried samples were ignited in a muffle furnace at 600°C for 12 h to determine ash percentage (AOAC, 1998a) . Nitrogen content was determined by combustion of 2-g samples in duplicate with an N analyzer (Leco FP-2000 Nitrogen Analyzer, Leco Instruments Inc., St. Joseph, MI; AOAC, 1998c) and then multiplied by 6.25 to estimate CP content. Fat content was determined by difference using the following formula: 100% − moisture% − protein% − ash%.
Statistical Analysis
In Exp. 1, dependent variables except total BW loss were analyzed as randomized block split-plot arrangements with repeated measures. The week in which each repetition of the study was performed served as the blocking factor. Water and feed access treatments (AL or 36H) served as the whole plot factor and health status as the split-plot factor (sick, not sick). Repeated measures (0, 9, 18, 27, and 36 h) were taken within each subplot for all blood and serum variables with the exception of cortisol, which was analyzed at 0, 18, and 36 h due to assay costs. Pen was the experimental unit for all water and feed access treatments and health status (n = 6 pens for Exp. 1). Two pens (AL and 36H) were included in each replication of Exp. 1.
Body weight loss percentage was analyzed using a randomized block split-plot arrangement. The week in which each repetition of the study was performed served as the blocking factor. Water and feed access treatments (AL or 36H) served as the whole-plot factor and health status as the split-plot factor (sick, not sick). Percentage BW loss was determined over 3 different sampling intervals (0 to 18 h, 18 to 36 h, and 0 to 36 h) with pen as the experimental unit. The effects of water and feed access treatment (AL or 36H) and health status (sick, not sick) were analyzed within each sampling interval.
Dependent variables in Exp. 2 were analyzed using a randomized block split-plot arrangement. The week in which each repetition of the study was performed served as the blocking factor. Water and feed withdrawal duration (0, 18, 36 h) served as the whole-plot factor and health status as the split-plot factor (sick, not sick). Pen was the experimental unit for all water and feed access treatments and health status (n = 9 pens for Exp. 2). Three pens (AL, 18H, and 36H) were included in each replication of Exp. 2.
In both experiments, all main effects and interactions were included in the models using the REML estimation method, default variance components, and KenwardRoger degrees of freedom and fixed effects SE method in the Mixed procedure (SAS Inst. Inc., Cary, NC). Interaction effects that were declared not significant at α > 0.05 were removed from the model in a stepwise manner until only significant interactions and all main effects remained in the model.
RESULTS AND DISCUSSION
Results for Exp. 1 are presented in Table 1 . Water and feed deprivation did not induce an increase in serum cortisol concentration (P = 0.14). The observed values were consistent with serum cortisol concentrations in suckled Angus beef cows with jugular catheters that were held in stanchions (Dunlap et al., 1981) . Similar plasma glucocorticoid concentrations were observed in Holstein heifers held in tie stalls that were adapted to a high concentrate diet and then fasted (Mills and Jenny, 1979) . Grandin (1997) cited reduced glucocorticoid concentrations in resting dairy cattle in lairage. However, interaction with unfamiliar animals and environment may have contributed to greater serum cortisol concentrations in our study.
Handling and sampling were performed with methods intended to minimize excitement of the cattle in the current study. Cold stress was unlikely during this study because the critical temperature for dairy cows has been estimated as -16 to -37°C (Kadzere et al., 2002) . The coldest ambient temperature recorded during the course of this study was -9°C.
No difference (P = 0.37) was observed in mean PCV between water and feed access treatments (Table 1) . Additionally, no differences (P = 0.36) in PCV were observed between sampling times. Packed cell volume was greater (P < 0.001) in sick cows in comparison with cows that were not sick, which was likely a result of reduced water intake. Overall, these findings agree with other authors who observed no difference in mean PCV in water-deprived cattle (Rumsey and Bond, 1976; Cole and Hutcheson, 1981; Gortel et al., 1992; Bjerg et al., 2005) .
In the current study, serum osmolality was greater (P < 0.001) in 36H pens than AL pens. Serum osmolality appears to be a more sensitive indicator of changes in hydration status than PCV. Gortel et al. (1992) found that extracellular fluid was used to maintain plasma volume in bulls that were denied access to water and feed in preslaughter lairage for 12 h. These authors also observed no difference in PCV between bulls that had ad libitum access to water and bulls that did not over the 12-h period. However, these authors recognized greater plasma osmolality in bulls that were denied water and feed access for 12 h than bulls that were allowed access to water over the same period. Although the PCV in the current study was not affected by water and feed access or sampling time, changes in serum osmolality indicated the presence of dehydration through the occurrence of hemoconcentration.
Serum electrolyte means are presented in Table 1 . Mean anion gap was greater (P = 0.02) in cows without water and feed access. In addition, mean anion gap increased (P = 0.03) with water and feed withdrawal time and was greater (P < 0.01) in cows that were not identified as sick. Mean serum Na was greater (P < 0.001) in cows that were denied access to water and feed, which agrees with other literature (Steiger Burgos et al., 2001 ) regarding dairy cows exposed to water restriction periods. The mean serum Na concentration for sick cows was less (P < 0.05) than for cows that were not sick. The comparison of mean PCV with mean serum Na concentration demonstrates a movement toward hyponatremia in the sick cows, which can be caused by diarrhea, peritonitis, and gut displacement (Smith, 2002) . Such conditions can be expected in cows of this category. Mean serum Na concentrations were slightly less than the reference range for the analyzing laboratory (140 to 151 mmol/L), but other authors (Steiger Burgos et al., 2001; Smith, 2002) have reported similar values in dairy cows. Sodium had the greatest effect on anion gap between water and feed access treatments.
Mean serum K was not affected (P = 0.75) by water and feed access treatment in the current study. Mean serum K concentration was greater (P = 0.02) at the beginning of the sampling period than sampling times Within row and fixed effect (i.e., water and feed access, health status, or sampling time), means without a common superscript differ (P < 0.05).
x,y
Means for 2-way interactions within a column without a common superscript differ (P < 0.05).
1
Blood components: AST = aspartate aminotransferase; GGT = γ-glutamyl transferase; SDH = sorbitol dehydrogenase; SUN = serum urea N; CK = creatine kinase.
2
Water access: cows were withheld from water for 0 h (AL) or 36 h (36H) with concurrent feed withdrawal for both treatments.
3
Cows were designated as sick if one or more of the following criteria were met: segmented neutrophil count >12,000/µL of whole blood; band neutrophil count >200/µL of whole blood; lymphocyte count <1,000/µL of whole blood; rectal temperature >39.7°C; or packed cell volume <20%.
including and beyond 18 h. Our results were consistent with Bianca et al. (1965) and Parker et al. (2004) , who cited reduced feed intake as the cause of reduced serum K. Mean serum Cl was greater (P < 0.001) for 36H pens than AL pens. Other authors (Bianca et al., 1965; Steiger Burgos et al., 2001) have also observed such an increase in plasma Cl concentration in dairy cattle and oxen. Both studies attributed increases in plasma Na and Cl concentration to hemoconcentration as a result of reduced plasma volume. Mean serum bicarbonate decreased (P = 0.001) beyond the 18-h sampling time without regard to water and feed access treatment. A reduction in serum bicarbonate is indicative of a trend toward metabolic acidosis (Smith, 2002) . However, the normal bovine serum bicarbonate range is 22 to 29 mmol/L (Marshfield Clinic Laboratories Veterinary Division); thus, values reported here were normal. Overall, bicarbonate had the greatest effect on the increase in anion gap with sampling time. It was possible that time between sample collection and analysis may have affected the observed bicarbonate concentrations. Serum bicarbonate concentrations decrease after collection (Zazra and Rosenblum, 2000) .
Mean serum Ca was greater (P = 0.001) in 36H pens than AL pens. Sick cows displayed decreased (P < 0.001) serum Ca concentrations. However, the observed values were within the normal physiological range (7.9 to 10.5 mg/dL; Marshfield Clinic Laboratories Veterinary Division) for cattle.
Two-way interactions (health status × water and feed access, Table 1 ) were observed for mean serum P and SUN concentrations. Water and feed access did not affect the concentration of either component in cows that were not sick. Sick cows had increased (P < 0.05) mean serum P and SUN when denied access to water and feed. The observed increases in the sick cows may have resulted from decreased renal perfusion, which can lead to decreased excretion of P and SUN by the kidney and increased hemoconcentration of the 2 blood components. An additional significant 2-way interaction (health status × sampling time) was also observed for serum P. Mean serum P increased (P < 0.05) between 0 and 9 h sampling times for cows that were not sick and remained steady for the remainder of the sampling period. Mean serum P concentrations were not different (P > 0.05) between sick and not sick cows until the 27-h sampling time. Beyond that time, mean serum P concentrations declined in sick cows and remained steady in not sick cows. Serum P concentrations were within normal physiological range (4.4 to 9.2 mg/dL; Marshfield Clinic Laboratories Veterinary Division). Bianca et al. (1965) did not recognize a significant difference in plasma P in cattle over 4 d of water restriction.
Mean serum glucose was greater (P = 0.02) in pens of cows without water and feed access. A spike (P = 0.01) in serum glucose concentration was observed at the 9-h sampling interval regardless of water and feed access treatment. The increase may have been a result of social stress applied through mixing of unfamiliar animals (Russell and Roussel, 2007) . In any case, observed serum glucose concentrations were within or slightly above the normal reference range (50 to 79 mg/dL; Marshfield Clinic Laboratories Veterinary Division).
Mean serum creatinine and albumin concentrations were increased (P < 0.001) by water and feed deprivation. The observed changes in serum albumin were within the normal range (3.2 to 4.3 mg/dL; Marshfield Clinic Laboratories Veterinary Division) for cattle. Serum creatinine concentrations, regardless of water and feed access treatment, were at the low end of the normal reference range for dairy cattle (0.6 to 1.4 mg/dL; Marshfield Clinic Laboratories Veterinary Division). Baxmann et al. (2008) cited decreased muscle mass as a primary reason for decreased serum creatinine in humans. Increased serum creatinine is indicative of a reduction in circulating fluid volume (Smith, 2002) , which also supports the proposed occurrence of dehydration in the current study. Mean serum cholesterol was greater (P = 0.03) in cows without access to water and feed compared with cows with water and feed access. Sick cows displayed mean serum cholesterol concentrations that were less (P < 0.01) than cows that were not sick. The range of values for serum cholesterol in cattle is very wide and varies by source [80 to 120 mg/dL (Smith, 2002) ; 112 to 331 mg/dL (Marshfield Clinic Laboratories Veterinary Division)].
Mean AST was less (P < 0.01) in water and feedwithdrawn cattle than cattle provided ad libitum access to water for 36 h (Table 1) . All values were within the wide normal range of 43 to 127 U/L cited by Smith (2002) . Mean serum concentrations of AST, GGT, and SDH were greater (P < 0.05) in sick cows. Increased serum concentrations of AST, GGT, and SDH are generally indicative of liver damage, which is possible in the sick cow population The log 10 mean serum CK concentration was greater (P = 0.04) in cows that were not sick vs. cows that were sick. Increased CK concentrations are generally indicative of muscle exercise or damage (Smith, 2002) . It is likely that cows that were not sick had greater physical and social interactions after sorting than sick animals.
Mean BW loss percentage was not different between water and feed access treatments (P = 0.13) or due to health status (P = 0.34) during the 0-to 18-h sampling interval (Table 2 ). These results indicate that water availability during the first 18 h of lairage does not affect BW retention under the climatic conditions of this study. Pens without water and feed access during the 18-to 36-h sampling interval experienced a greater (P < 0.01) percentage BW loss than cows with water and feed access. Over the same time period, sick cows lost a greater percentage (P = 0.02) of BW than cows that were not sick. These results indicate that water availability during the 18-to 36-h sampling interval led to increased BW retention in all cows, which is important for the maintenance of animal health and welfare. Overall, total percentage of BW lost was not different (P > 0.05) due to health status. Total percentage BW loss was greater (P = 0.01) in 36H pens than AL pens.
There was no effect (P = 0.09) of water and feed withdrawal treatment on hot dressing percentage in Exp. 2 (Table 3 ). In retrospect, AL pens experienced BW loss of 3.1% compared with 5.2% in 36H pens during the same period. These results indicated that shrink in BW due to water and feed deprivation did not result in a detectable increase in dressing percentage. Mean dressing percentage was less (P = 0.01) in sick vs. not sick cows. Gardner et al. (1999) reported a similar effect of respiratory health status on dressing percentage in feedlot steers. No differences in cooler shrink over 24 h postslaughter (P = 0.92) or drip loss from lean tissue over a 48-h period (P = 0.72) were observed. Jones et al. (1990) noted a 0.1% difference in cooler shrink between feedlot cattle that had water access and feedlot cattle that were denied water access for 36 h.
Longissimus samples from 36H pens exhibited decreased (P = 0.01) moisture content, increased (P = 0.02) protein content, and consequently a lesser moisture to protein ratio than AL or 18H pens (Table 4) . Ash and fat percentages were not different (P = 0.14 and 0.60, respectively) across water and feed access treatments. Moisture content was less (P = 0.02) and fat content was greater (P = 0.01) in LM tissue from cows that were not sick as opposed to sick. Similar effects of illness on LM fat content have been noted in visual assessments of feedlot cattle carcasses. Montgomery et al. (2009) observed decreased marbling scores in carcasses from heifers that had been treated multiple times for bovine respiratory disease. Overall, it appears that 36 h of water and feed deprivation resulted in BW shrinkage and muscle dehydration. The dehydration of carcass and noncarcass components was apparently equal, resulting in no treatment effect on dressing percentage.
Ultimate postmortem pH at 24 h was not different due to water and feed withdrawal treatment (P = 0.19) or health status (P = 0.97; Table 4 ). Normal 24-h pH for beef is 5.3 to 5.7 (Aberle et al., 2001) . Patten et al. (2008) reported mean LM pH from non-fed dairy cow carcasses as 5.58 after 7 to 10 d of aging. The pH values observed in the current study were greater than expected for culled dairy cows.
Lean color assessment revealed CIE L*a*b* values that were indicative of a borderline dark-cutting condition (Table 5 ). This evaluation is based on CIE L*a*b* values of 35.09, 16.27, and 13.26 reported by Bass et al. (2008) , which they considered to be representative of the 1/3 degree dark-cutting condition. The ultimate pH of beef associated with those CIE values was pH 5.72. Page et al. (2001) noted that dark-cutting carcasses Means within fixed effects (i.e., water and feed access, or health status) and row without a common superscript differ (P < 0.05).
1
Sampling interval: individual cows were weighed at 0, 18, and 36 h after start of water and feed withdrawal period.
2
Water and feed access: cows were withheld from water for 0 h (AL) or 36 h (36H) with concurrent feed withdrawal for both treatments.
3
Cows were designated as sick if one or more of the following criteria were met: segmented neutrophil count >12,000/µL of whole blood; band neutrophil count >200/µL of whole blood; lymphocyte count <1,000/µL of whole blood; rectal temperature >39.7°C; or packed cell volume <20%. Means within fixed effects (i.e., water and feed access, or health status) and row without a common superscript differ (P < 0.05). Water and feed access: Cows were withheld from water for 0 h (AL), 18 h (18H), or 36 h (36H) with concurrent feed withdrawal for all treatments.
characteristically displayed pH greater than 5.87. Normal CIE L*a*b* values for non-fed dairy beef LM are 34.96, 32.43, and 24.78 at pH 5.58 (Patten et al., 2008) . Commission Internationale d'Eclairage L*a*b values are typically less in dark-cutting beef compared with normal values (Abril et al., 2001 ). Our colorimetry results were much closer to characteristic objective color values observed for beef displaying the 1/3 degree of dark cutting than normal lean color for non-fed dairy cows. The metmyoglobin fraction of bloomed LM was increased (P = 0.04) in the 18H and 36H treatments. This indicated greater susceptibility to pigment oxidation and potentially reduced color stability of meat products derived from cattle that have been deprived of water and feed for 18 to 36 h.
Overall, the results in the carcass assessment portion of this study were indicative of borderline dark-cutting beef in all treatment groups, regardless of water and feed availability. A greater decline (P = 0.03) in redness (a*) was observed in fresh meat from cows in 36H pens than in cows in AL or 18H pens. In addition, yellowness (b*) was less (P < 0.05) in fresh meat from cows in 36H pens compared with AL pens. These results supported those of Jones et al. (1990) , who also recognized decreased redness and yellowness in LM steaks from feedlot cattle that were deprived of feed and water for 36 h when compared with animals that had ad libitum access to water.
Over the course of the study, cows did not exhibit serum cortisol concentrations that were indicative of acute stress, which has been indicated to cause the dark-cutting condition in cattle (Lahucky et al., 1998) . It is not likely that the feed deprivation in this study caused the borderline dark-cutting condition observed. McVeigh and Tarrant (1982) showed no significant difference in muscle glycogen in Hereford heifers until 7 Cows were designated as sick if one or more of the following criteria were met: segmented neutrophil count >12,000/µL of whole blood; band neutrophil count >200/µL of whole blood; lymphocyte count <1,000/µL of whole blood; rectal temperature >39.7°C; or packed cell volume <20%. Means within fixed effects (i.e., water and feed access, or health status) and row without a common superscript differ (P < 0.05). d of fasting had elapsed. In addition, the authors concluded that fasting had very little effect on meat quality due to limited influence on muscle glycogen content.
In conclusion, the purpose of this study was to investigate changes in stress response, blood and serum component concentrations, BW loss, and carcass and meat characteristics of Holstein slaughter cows under conditions of water and feed deprivation that were similar to conditions that are experienced in livestock markets in the upper Midwest. Changes in serum component concentrations, osmolality, and percentage BW loss between water and feed access treatments were indicative of loss of extracellular fluid volume although significant differences were not observed in PCV. Stress response through increased serum cortisol concentration was not different between treatments. Water and feed-withdrawn animals lost more BW over the experimental period. Overall, these results were indicative of the onset of dehydration, without indication of acute stress, in water and feed deprived cows.
Water and feed withdrawal had the greatest effect on meat quality as the withdrawal period advanced from 18 to 36 h under the climatic conditions in this study. Hot dressing percentage was not influenced by water and feed withdrawal, indicating an equivalent loss of water from carcass and interstitial extracellular fluid components of Holstein slaughter cows. These results were also indicative of dehydration, as well as depressed meat quality, in cows that were deprived of water and feed for greater than 18 h.
The ambient conditions during this study were within the thermoneutral zone for cattle, which would be associated with minimal water turnover. When ambient temperatures fell within 1.9 ± 6.2° C, feed and water withdrawal up to but not exceeding 18 h did not appear to affect the physiological well-being or carcass characteristics of Holstein slaughter cows. Under freezing or near-freezing conditions, maintenance of water delivery systems is labor-intensive and costly and may not be justified unless animals are held for greater than 18 h or hydration is necessary after long-distance transport. Further investigation is necessary to determine the effects of warmer ambient temperatures on the model used in this study.
